High social status reduces stress responses in numerous species, but the stress-buffering effect of status may dissipate or even reverse during times of hierarchical instability. In an experimental test of this hypothesis, 118 participants (57.3% female) were randomly assigned to a high-or low-status position in a stable or unstable hierarchy and were then exposed to a social-evaluative stressor (a mock job interview). High status in a stable hierarchy buffered stress responses and improved interview performance, but high status in an unstable hierarchy boosted stress responses and did not lead to better performance. This general pattern of effects was observed across endocrine (cortisol and testosterone), psychological (feeling in control), and behavioral (competence, dominance, and warmth) responses to the stressor. The joint influence of status and hierarchy stability on interview performance was explained by feelings of control and testosterone reactivity. Greater feelings of control predicted enhanced interview performance, whereas increased testosterone reactivity predicted worse performance. These results provide direct causal evidence that high status confers adaptive benefits for stress reduction and performance only when the social hierarchy is stable. When the hierarchy is unstable, high status actually exacerbates stress responses.
High social status reduces stress responses in numerous species, but the stress-buffering effect of status may dissipate or even reverse during times of hierarchical instability. In an experimental test of this hypothesis, 118 participants (57.3% female) were randomly assigned to a high-or low-status position in a stable or unstable hierarchy and were then exposed to a social-evaluative stressor (a mock job interview). High status in a stable hierarchy buffered stress responses and improved interview performance, but high status in an unstable hierarchy boosted stress responses and did not lead to better performance. This general pattern of effects was observed across endocrine (cortisol and testosterone), psychological (feeling in control), and behavioral (competence, dominance, and warmth) responses to the stressor. The joint influence of status and hierarchy stability on interview performance was explained by feelings of control and testosterone reactivity. Greater feelings of control predicted enhanced interview performance, whereas increased testosterone reactivity predicted worse performance. These results provide direct causal evidence that high status confers adaptive benefits for stress reduction and performance only when the social hierarchy is stable. When the hierarchy is unstable, high status actually exacerbates stress responses.
status | stress | performance | testosterone | cortisol S ocial status is robustly linked with health outcomes in most human societies. Individuals with higher socioeconomic status live longer, experience increased well-being, and have lower rates of stress-related diseases such as cardiovascular conditions and type 2 diabetes (1, 2). These health benefits may be explained in part by the stress-buffering effects of status. High status inhibits responses to acute stressors (3) (4) (5) (6) , which reduces physiological wear and tear and the likelihood of developing stress-linked diseases (2, 7) . In further support of the hypothesis that status buffers stress, attaining high rank in a hierarchy, such as a leadership position, is related to reduced concentrations of basal cortisol, a hormone released as part of the hypothalamic-pituitary-adrenal axis in response to psychological stress (8, 9) . Despite a growing scientific consensus that high status is related to lower stress in humans, this previous research has focused primarily on stable hierarchies. During times of hierarchical instability, when status could change, we propose that high status might boost, not buffer, stress responses. After all, the threat of losing a powerful, highranking position and the need to defend it may be stressful. Correlational work in nonhuman primates provides initial support for this perspective. In one seminal study of olive baboons (Papio anubis), high-ranking males had lower basal cortisol levels compared with low-ranking males when the hierarchy was stable. However, this effect reversed when the hierarchy was unstable: higher-ranking males had higher basal cortisol levels compared with lower-ranking males (10) . Although this correlational evidence from primate research is promising, what we are deeming the hierarchy instability hypothesis, that an unstable hierarchy blocks or even reverses the effect of status on responses to acute stressors, is lacking a direct experimental test.
An experimental test of the hierarchy instability hypothesis in humans has public health implications because stress response systems such as the hypothalamic-pituitary-adrenal axis affect immune function and overall health (2, 7) . Evidence in support of the hierarchy instability hypothesis could point to circumstances in which high status may lead to poor health and provide insight into the underlying mechanisms. Testing this hypothesis across multiple aspects of the stress response can further elucidate the consequences of acute stress responses for human behavior in both stable and unstable hierarchies, which to date remain largely unknown. Building on research in nonhuman primates, the present experiment tested the hierarchy instability hypothesis across key hormonal, psychological, and behavioral responses to a socialevaluative stressor.
We tested our hypothesis on cortisol responses to the stressor, but the hierarchy instability hypothesis may extend to testosterone as well. Testosterone is a sex hormone that is theorized to motivate concern for status (11) . Thus, concentrations of this hormone may be especially likely to increase under conditions of status threat, such as when high status can be lost. In line with this theorizing, correlational research in nonhuman primates indicates that highranking positions in unstable hierarchies are associated with higher basal testosterone levels compared with low-ranking positions in unstable hierarchies, but higher rank is often unrelated to elevated basal testosterone levels in stable hierarchies (12, 13 ; cf ref. 14) . Building on this primate research and our hierarchy instability hypothesis, we propose that the threat of losing status for a highranking individual in an unstable hierarchy may intensify statusrelevant stress and stimulate the desire to protect one's status, leading to elevated testosterone responses to the social-evaluative stressor. In contrast, a high-ranking position in a stable hierarchy may lower status-relevant stress because status cannot be lost and does not require protection, leading to buffered testosterone reactivity to the stressor. Testing the joint influences of status and hierarchy stability on cortisol and testosterone expands prior research on endocrine responses to social-evaluative stressors, which has primarily focused on cortisol as an index of stress and has paid surprisingly little attention to testosterone.
Significance
High-status leadership roles are theorized to reduce stress compared with subordinate roles, but higher rank is not always stress-free. Here we demonstrate that high status inhibits stress responses and improves performance during a mock interview in a stable hierarchy, but high status boosts stress responses and carries no performance advantage in an unstable hierarchy. Feeling in control was an asset for interview performance, but increased testosterone reactivity was a liability. These findings have applications for improving outcomes in stressful evaluative settings, such as job interviews, and may hold translational implications for the influence of status on health.
The hierarchy instability hypothesis may also predict behavioral responses to the stressor. Previous research has shown that priming high rank improves performance in social-evaluative situations such as mock job interviews, which leads to better outcomes (e.g., being hired for the job) (15, 16) . These positive social evaluations are influenced by status-relevant behaviors such as competence, dominance, and warmth (17, 18) . Again, however, the causal effect of status on performance in social-evaluative settings has only been tested in stable hierarchies. According to our hierarchy instability hypothesis, high status in a stable hierarchy should lead to positive performance evaluations compared with low status, but hierarchical instability should reduce or reverse these differences.
We also investigated the mechanisms through which status and hierarchy instability affect performance under stress. One likely psychological mechanism is through feeling in control. Powerful high-status positions are associated with greater feelings of control, and perceived control encourages status-relevant behaviors that boost performance evaluations (19) (20) (21) (22) . We extend this work by testing whether hierarchy instability blocks the influence of status on performance via reduced feelings of control. In addition to testing this psychological mechanism, we also examined possible endocrine mechanisms. Prior research on acute cortisol responses and performance outcomes in stressful contexts has yielded mixed results (e.g., decision making performance) (23-25), but the consequences of acute testosterone responses for performance under social-evaluative stress have been largely overlooked. There is indirect evidence that elevated basal testosterone concentrations in status-threatening situations (e.g., losing a competition) predicts hypervigilance to status cues and impaired cognitive performance (26-28). Extending this prior research to the present study, we explored whether acute cortisol or testosterone responses to the stressor explained the effects of status and hierarchy instability on social-evaluative performance.
To address these open questions regarding status, hierarchy stability, and stress responses, the present study experimentally manipulated status (high or low) and hierarchy stability (stable or unstable) before a social-evaluative stressor in a 2 × 2 betweensubjects design. We used the Trier Social Stress Test (TSST), a widely adopted stressor in which participants deliver a speech in front of evaluators that is akin to stressful situations found in professional settings such as job interviews (15, 16, 29) . Fig. 1 shows the timeline of the study design. Participants reported their affective states (e.g., feeling in control) before and after the stressor and provided saliva samples at four points to measure cortisol and testosterone reactivity and recovery to baseline after the stressor. Independent observers without knowledge of the study hypotheses or experimental manipulations later watched the videotaped speeches and rated participants on behavioral items that capture global performance evaluations (e.g., likelihood of hiring the candidate), competence, dominance, and warmth. We tested the hierarchy instability hypothesis across endocrine, psychological, and behavioral responses to the stressor. Finally, we conducted mediation analyses to investigate the mechanisms through which status and hierarchy stability influenced performance in the social-evaluative task.
Results
Preliminary Analyses. For the analyses of endocrine change over time, cortisol and testosterone were natural log-transformed to correct nonnormal distributions, and an arbitrary value of 10 was added to transformed cortisol values to ensure scores were positive for ease of interpretation (SI Appendix). We did not expect differences in baseline hormone concentrations as a function of experimental group because the baseline saliva samples were taken before random assignment to experimental conditions. Consistent with this expectation, general linear model (GLM) analyses revealed no main effects or interactions between experimental conditions on baseline cortisol or testosterone concentrations (Ps > 0.05; η 2 s < 0.035). Descriptive statistics and conditional means for the main dependent variables are shown in SI Appendix, Tables S1 and S2.
Cortisol. To test the effects of status and hierarchy stability on cortisol responses to the stressor, we conducted a mixed-model GLM analysis with cortisol measurement time as a within-subject factor, along with status and hierarchy stability as between-subjects factors. In agreement with our hierarchy instability hypothesis, there was a significant status × stability × time interaction for cortisol [F (1.82, 192 .38) = 3.74; P = 0.029; η 2 = 0.034; all mixedmodel GLMs for endocrine activity are reported with appropriate Huynh-Feldt corrections; see SI Appendix, Methods for details]. The overall pattern in Fig. 2A suggests that higher status in a stable hierarchy buffered cortisol responses to the stressor, including blunted reactivity, as well as declining cortisol concentrations during the recovery period, but higher status in an unstable hierarchy increased cortisol responses to the stressor, including enhanced reactivity as well as sustained elevation of cortisol concentrations during the recovery period.
To confirm this interpretation, we conducted separate GLM analyses for cortisol reactivity and recovery to baseline. Cortisol reactivity was calculated by subtracting baseline cortisol concentrations from cortisol concentrations measured immediately after the stressor. Cortisol recovery to baseline was calculated by subtracting baseline cortisol concentrations from cortisol concentrations measured 40 min after the stressor. A positive recovery score indicates that cortisol levels were elevated above baseline levels 40 min after the stressor.
In support of the hierarchy instability hypothesis, there were status × stability interactions on both cortisol reactivity [F (1,106) = 4.82; P = 0.030; η 2 = 0.044] and recovery [F(1,106) = 6.58; P = 0.012; η 2 = 0.058]. As shown in Fig. 2B , high-status individuals in an unstable hierarchy exhibited increased cortisol reactivity [F(1,53) = 8.70; P = 0.005; η 2 = 0.141] and increased cortisol recovery levels [i.e., recovery cortisol levels that remained . Consistent with theories proposing that high status should buffer stress responses in stable hierarchies, high status in a stable hierarchy also significantly reduced cortisol recovery levels compared with low status in a stable hierarchy [F(1,54) = 4.90; P = 0.031; η 2 = 0.083]. Taken together, these results provide direct empirical support for the hierarchy instability hypothesis across multiple indices of cortisol change. High-status individuals in a stable hierarchy showed blunted cortisol reactivity to the stressor and declining cortisol concentrations during the recovery period. In contrast, high-status individuals in an unstable hierarchy showed increased cortisol reactivity to the stressor and cortisol concentrations that remained elevated over baseline levels during recovery.
Testosterone. To test the effects of status and hierarchy stability on testosterone responses, we conducted a mixed-model GLM analysis with testosterone measurement time as a within-subject factor, status and hierarchy stability as between-subjects factors, and participant sex as a covariate. This analysis revealed a significant status × stability × time interaction for testosterone [F(2.52, 264.70) = 4.42; P = 0.008; η 2 = 0.040; see Fig. 2C ]. To interpret this interaction, we conducted follow-up GLM analyses on testosterone reactivity and recovery, calculated in the same fashion as the cortisol indices. Status × stability interactions were found for both testosterone reactivity [F(1,105) = 7.37; P = 0.008; η 2 = 0.066] and recovery [F(1,105) = 5.88; P = 0.017; η 2 = 0.053]. As shown in Fig. 2D the cortisol results and suggest that our hierarchy instability hypothesis applies not only to cortisol but also to testosterone fluctuations in social-evaluative contexts as well.
Further analyses revealed that the interactions between status and hierarchy stability on endocrine responses showed similar patterns when we adopted alternative strategies for analyzing cortisol and testosterone reactivity (SI Appendix, Tables S3 and S4, Figs. S1 and S2), as well as cortisol recovery (SI Appendix , Fig. S3) ; did not statistically differ between male and female participants (SI Appendix, Table S5 ); and were robust to additional covariates and to bootstrap bias correction (SI Appendix, Tables S6-S8).
Feeling in Control. To test whether our experimental manipulations influenced feeling in control, we conducted a mixed-model GLM analysis with time of measurement as a within-subjects factor, along with status and hierarchy stability as between-subjects factors. There was a nonsignificant status × stability × time interaction [F(1,103) = 0.001; P = 0.979; η 2 < 0.001], but there was a statistically significant status × stability interaction in support of the hierarchy instability hypothesis [F(1,103) = 4.72; P = 0.032; η 2 = 0.044]. Thus, our experimental manipulations modulated feeling in control starting after assignment to experimental conditions, and remained after the stressor as well. To interpret the interaction, we averaged feeling-in-control scores measured before and after the stressor. As shown in Fig. 3A , high status boosted feeling in control scores compared with low status in the stable hierarchy [F(1,53) = 9.45; P = 0.003; η 2 = 0.151], but high-and low-status participants were indistinguishable in their feelings of control in the unstable hierarchy [F(1,50) = 0.047; P = 0.830; η 2 = 0.001]. High-status individuals in a stable hierarchy also reported feeling more in control compared with high-status individuals in an unstable hierarchy [F(1,52) = 5.47; P = 0.023; η 2 = 0.095]. Supplementary analyses revealed that status and hierarchy stability had nonsignificant effects on global measures of positive and negative affect (SI Appendix, Fig. S4 ). This pattern of results suggests that status and hierarchy stability more robustly influence feeling in control compared with general positive and negative affect, which is consistent with theory linking perceived control to power and status (22) .
Behavior During the Social-Evaluative Stressor. Videos of participants' speeches were rated on items that capture performance evaluations (e.g., "Would you hire this individual?"), competence, dominance, and warmth. Factor analysis indicated that three factors satisfactorily fit the data (SI Appendix, Table S9 ). In line with prior research indicating that appearing competent is a key driver of hiring decisions (17) , performance ratings loaded onto the same factor as the competence items, and two additional factors emerged for dominance and warmth. Subsequent analyses focused on interview performance (consisting of items that assess competence and performance), dominance, and warmth; models included sex as a covariate to account for potential sex differences in status-relevant behaviors (30).
In agreement with the hierarchy instability hypothesis, there was a significant status × stability interaction on interview performance Follow-up tests revealed that these interactions were driven by low-status participants, who showed better interview performance and increased dominance in the unstable compared with the stable hierarchy (Ps < 0.029; η 2 s > 0.087; Fig. 3B ). Overall, this pattern of results extends previous work, in which low status in unstable hierarchies increases approach-oriented behaviors such as dominance compared with low status in stable hierarchies (19) (20) (21) , and suggests further that perceiving a hierarchy as unstable may improve low-status individuals' performance in real-world social evaluations.
The interactions between status and hierarchy stability on feeling in control and behavioral responses to stress showed the same patterns with alternative analytical approaches (SI Appendix, Tables S8 and S10) and did not statistically differ between male and female participants, with the exception of dominance. For dominance, the joint effect of social status and hierarchy instability, although evident in both sexes, was stronger in men than in women (SI Appendix, Table S5 ).
Mediation Analyses. Next we conducted mediation analyses to investigate the mechanisms through which status and hierarchy stability influenced interview performance. The PROCESS macro (v.2.15) (31) was used to determine whether the status × stability interaction on interview performance was mediated by feeling in control or indices of endocrine reactivity, controlling for sex (see SI Appendix for statistical analysis details and SI Appendix, Table S11 for partial correlations that control for sex). These mediation analyses revealed significant moderated mediations for interview performance via sense of control (ω = 0.114; 95% confidence interval [CI], 0.023-0.275) and testosterone reactivity (ω = 0.087; 95% CI, 0.011-0.226), but not cortisol reactivity (ω = −0.005; 95% CI, −0.092 to 0.067; see SI Appendix, Table S12 for conditional indirect effects). We tested another model that included both feeling in control and testosterone reactivity to examine whether these two factors were independent mediators. As shown in Fig. 4 , the results suggest that social status and hierarchical instability impacted interview performance through two independent pathways: status and hierarchy stability jointly influenced feeling in control, which predicted better interview performance, and status and stability interacted to influence testosterone reactivity, which predicted decreased interview performance (mediation analyses for dominance and warmth factors are reported in the SI Appendix).
Discussion
The present experiment tests the joint influences of social status and hierarchical stability on endocrine, psychological, and behavioral responses to a social-evaluative stressor. Consistent with the hierarchy instability hypothesis, high-status buffered stress responses and improved interview performance in a stable hierarchy, but high status boosted stress responses and carried no performance advantage in an unstable hierarchy. This general pattern was observed across hormonal (cortisol and testosterone), psychological (feelings Table S12 . **P < 0.01; *P < 0.05. of control), and behavioral (interview performance, dominance, and warmth) responses to the social-evaluative stressor.
Follow-up mediation analyses suggest that status and hierarchy stability jointly affected overall interview performance through two independent pathways. First, status and hierarchy stability interactively influenced feeling in control, which was positively related to performance evaluations. This result expands psychological theory of stable hierarchies by revealing that hierarchical instability disrupts the effect of status on behavior, via feelings of control (22) . Second, status and hierarchical stability interactively influenced testosterone reactivity, which negatively predicted interview performance. This biological pathway extends prior research, in which higher basal testosterone levels were related to status-seeking motivation and impaired cognitive performance under conditions of experimentally induced status threat (e.g., defeat in competition) (26-28). Elevated testosterone reactivity in the present study may have led individuals to focus on their threatened status, rather than the speech task at hand, disrupting cognitive functioning when delivering the speech, and undermining performance evaluations. This testosterone pathway is especially noteworthy because most prior studies on social stressors such as the TSST measure cortisol, but rarely measure testosterone responses (32). The current study demonstrates that the joint influence of status and hierarchy stability on performance is mediated by testosterone responses, but follow-up research is needed to confirm this effect and specify the underlying mechanisms.
These findings provide direct causal support for the hierarchy instability hypothesis and have applications for devising interventions aimed at reducing stress and improving performance. According to the present results, psychological interventions that alter beliefs about the hierarchy or that use role-playing exercises may improve overall performance in social-evaluative situations such as job interviews. For example, a low-status individual who "knows" her place in society (i.e., who perceives the status hierarchy as stable) may appear less competent in a job interview, reducing her chances of being hired. But merely holding the belief that she can rise in the hierarchy (i.e., believing that the hierarchy is unstable) may lead to behaviors that signal competence and improve her chances of being hired. The present results also suggest that imagining or acting out a high-status role in a stable hierarchy before a real-world stressor such as an interview may reduce endocrine stress responses, increase feelings of control, and improve performance. We look forward to follow-up research that builds on the present findings to test the efficacy of such hierarchy-relevant psychological interventions.
The current results also inform research on status and health. Correlational studies reveal positive associations between societallevel indicators of status, such as socioeconomic status, and better health outcomes (1, 2, 4). Dysregulation of stress response systems is theorized to be a mechanism through which lower status confers health risk (1, 2, 4, 5, 9), potentially through the joint effects of testosterone and cortisol responses on the immune system (33). However, research on status and human health has generally failed to consider the extent to which the stability of the social hierarchy might alter the relationship between status and health (34; but see ref. 35 for some evidence). According to the hierarchy instability hypothesis, the link between lower status and poorer health may hold only in stable status hierarchies. In unstable hierarchies, higher-status individuals may show dysregulated stress response systems and worse health outcomes. It should be noted, however, that a single, robust endocrine reaction to a stressor is not inherently unhealthy. After all, glucocorticoids such as cortisol mobilize energy as part of a healthy response to stress (7) , but when these endocrine responses are persistent and repeated over an extended period, they may be detrimental to health and well-being. Thus, it will be important to conduct follow-up longitudinal studies in humans in which features of the hierarchy, endocrine stress responses, and health outcomes are tracked over longer periods of time.
We experimentally manipulated social status in the present study, but our manipulation also contained aspects of social power. Status, which is also referred to as prestige, can be defined as social standing that is granted to individuals for superior skills, success, or knowledge (18) . Power is defined as asymmetrical control over resources and tends to be positively correlated with status in realworld hierarchies (36, 37). In line with other experimental designs (20) (21) (22) , our manipulation therefore included features of social status and power to emulate real-world hierarchies. The few studies to date that differentiated power and status suggest they sometimes lead to different outcomes; for instance, status often promotes, whereas power reduces, justice toward others (38). But both power and status are plausible explanations for the interactions between social rank and stability seen in the present study. For example, unstable high-ranking positions lead to behaviors aimed at protecting one's high rank through social motives closely linked to power (39). However, other evidence suggests that losing a prestigious high-status position is more aversive than losing a powerful position because status is more closely related to an individual's self-concept (40). Additional research will be needed to clarify the extent to which social status and power contribute to the influence of hierarchical rank on acute stress responses and socialevaluative performance in stable and unstable hierarchies.
We provide initial evidence suggesting that status and hierarchy stability influence behavior via acute testosterone reactivity to the stressor. This proposed causal pathway is consistent with rapid, nongenomic effects of steroid hormones on neural functioning and behavior that occur over the course of minutes or seconds (41). However, our study design measured naturally occurring hormonal and behavioral stress responses, precluding us from making strong claims about causal direction. It is plausible that the causal direction goes the other way as well, from behavior to hormone changes, which is consistent with theorizing that hormones and behavior influence each other in reciprocal feedback loops (11) . Future research can provide greater insight into causality by pharmacologically inhibiting or increasing testosterone concentrations during social-evaluative stressors.
This study measured salivary hormone concentrations with enzyme immunoassay (EIA), a common technique because of its convenience and cost-effectiveness. Methods like liquid chromatography tandem mass spectrometry (LC-MS/MS) are thought to provide more valid measurements compared with EIAs, but the logistical and financial requirements of LC-MS/MS methods have limited their widespread use. Prior research indicates high correspondence between EIAs and LC-MS/MS for salivary cortisol but only moderate correspondence for salivary testosterone (42-44). This moderate correspondence is likely a result of known sources of measurement error in EIAs, such as cross-reactivity, particularly in the low range of measurement (e.g., testosterone levels in women) (43). These sources of measurement error likely obscure relationships that exist, rather than promote relationships that do not exist (43). Hence, we suspect that the hormonal evidence for the hierarchy instability hypothesis found in the present experiment will be stronger in future LC-MS/MS studies. We look forward to replications that adopt LC-MS/MS methods.
In conclusion, this experiment provides evidence that the influence of status on stress responses and performance depends on the stability of the hierarchy. This knowledge has applications in domains such as business, education, politics, the arts, and medicine. For example, the results can inform hierarchy-based interventions for improving performance in social-evaluative contexts as job interviews, presentations, auditions, and political debates. Because stress is a risk factor for disease and poor well-being (1, 2), the findings also have implications for the influence of hierarchy on health.
Materials and Methods
We briefly report methods here and describe full methods and statistical analysis details in the SI Appendix. We tested our predictions by experimentally manipulating social status and hierarchy stability in undergraduate participants (n = 118; 57.3% female; age: M = 19.8) who were recruited for course credit. Participants were told that, on the basis of their responses to prelaboratory questionnaires, they had been assigned to complete an upcoming puzzlebuilding task as either a "manager" (high status) or "builder" (low status), and that another participant (actually a confederate) would perform the unassigned role (20) (21) (22) . Participants were told specifically that the assignment was based on their "leadership skills and experience" to connect the role assignment to prestige (18) . In reality, roles were randomly assigned. Participants were also told that the manager would be in charge of directing subordinates in the building process and would evaluate the "builder" at the end of the task to determine how to split bonus money.
Next, all participants were asked to complete the TSST, a 5-min speech about one's qualification for a job and a 5-min serial subtraction math task in front of a panel of observers. To manipulate hierarchy stability, participants were told that their role (manager/builder) could change based on the speech/math task (unstable hierarchy) or that their performance on the task would not affect their role assignment (stable hierarchy). A 5-min preparation period was completed in the presence of a sex-matched confederate to increase the salience of the manipulations. Panelists and confederates were blind to participants' assigned conditions. Participants provided informed consent to participate in a group activity and perform a speech task. The University of Oregon's Institutional Review Board approved all methods.
Hormones were assayed from saliva collected via passive drool ∼10 min after arriving at the laboratory (baseline), as well as 0, 20, and 40 min after the TSST. Participants responded to a prompt asking how "in control" they felt after assignment to status and stability conditions and after the TSST, which was included as a separate item in a broader measure of self-reported affect. Three independent observers rated videos of each participant's speech for statusrelevant behaviors and two items that assessed overall interview performance (SI Appendix, Table S9 ).
Missing Data and Outliers. Three participants did not complete the social stress task, and four did not correctly identify the manager or builder role to which they were assigned, which left 111 participants for the main analyses. One participant did not produce enough saliva to assay, leaving 110 participants for hormone analyses. The remaining hormone data were examined for outliers. One cortisol value and three testosterone values were Winsorized to 3 SD above the means of each offending sample's time point's mean. Two participants' videos were not recorded because of technical difficulties, leaving 109 participants for behavioral analyses.
Manipulation Checks. Participants completed manipulation check items ("How do you perceive the status of your role compared to the other role?" and "Do you think your position might change?") and were asked to describe which role they were assigned. Participants assigned to the manager role perceived their role as higher status compared with participants assigned to the subordinate role [F(1,105) = 35.6; P < 0.001; η Table S1 . Mean (SE) for study variables in the full study sample and separately for males and females. a Reactivity is log-transformed hormone concentrations immediately after the socialevaluative stressor minus baseline concentrations (i.e., log[TSST+0] -log[baseline]). b Recovery is log-transformed hormone concentrations forty minutes after the social-evaluative stressor minus baseline concentrations (i.e., log[TSST+40] -log[baseline]).
Supporting Materials and Methods

Participants
The ethnic breakdown of participants in the study was approximately 70% EuropeanAmerican, 13% Asian or Asian-American, 7% Hispanic/Latino, 5% Pacific Islander, and 3% or less African-American, Middle Eastern, and Native American. Sample size was estimated a priori via power analysis with G*Power3 (1), which assumed four groups with four repeated measures, power ß= 0.80, a small effect size F = 0.15, α = .05, correlation among repeated measures = 0.65, and non-sphericity correction = 0.75.
Procedure
Pre-Lab and Arrival. Prior to arriving at the laboratory session, participants responded to personality questionnaires online, which were used as part of the status manipulation. Participants were instructed to abstain from eating, drinking, exercising, and smoking for two hours before their scheduled experimental session. To account for diurnal variability in endocrine activity, all sessions occurred in the afternoon between 1300 and 1730 hrs. After arriving at the laboratory, participants were seated in an individual testing room where informed consent was obtained to participate in a group activity and perform a speech task. Salivasampling and demographic questionnaires were administered for approximately 10 minutes before baseline saliva was collected via passive drool. Status Manipulation. Participants were then told that based on their responses to prelaboratory questionnaires, they had been assigned to complete an upcoming puzzle task as either the "manager" (high status) or "builder" (low status) while another participant (actually a confederate) would perform the unassigned role. Participants were told specifically that the assignment was based on their "leadership skills and experience" in order to connect this manipulation to prestige (expertise, skills). In actuality, status was randomly assigned and there was no puzzle task. All participants were told that the participant in the role of manager would be in charge of directing subordinates, would decide how to structure the process for building the tasks, and would evaluate the "builder" at the end of the task in order to determine how to split $10 of bonus money.
Stability Manipulation and Social-Evaluative Stressor. Next, all participants were asked to complete a "speech task in front of a panel of observers" who were "trained in behavioral observation and social competency" in order to "see how [the participant] interact[s] with others." This task is actually the TSST, a well-validated social-evaluative stressor that involves delivering a five-minute speech about one's qualifications for one's ideal job and doing five minutes of serial subtraction in front of two evaluators. The panel of evaluators consisted of a college-aged man and woman (i.e., approximately the same age range as the participants) who were trained to maintain neutral facial expressions and generally be non-reactive. Participants were told that their role (manager/builder) could change based on the speech/math task (unstable hierarchy) or that their performance on the task will not affect their role assignment (stable hierarchy). A five-minute preparation period (but not the speaking portion) was completed in the presence of a gender-matched confederate in order to increase the salience of the manipulations. Panelists and confederates were blind to participants' randomly assigned conditions. Following completion of the TSST, the participants then recovered for forty minutes while filling out additional demographic questionnaires and performing unrelated tasks not included in the present report. Subsequent saliva samples were collected at 0, 20, and 40 minutes post-TSST for a total of four saliva samples, including baseline.
Affective States. After assignment to status and stability conditions and after the TSST, participants responded to a prompt asking how "in control" they felt, which was included as a separate item in a broader measure of self-reported affect. This item was analyzed separately using GLMs because theory suggests that status and hierarchy stability may influence feeling in control specifically, but not necessarily influence general positive or negative affect (2).
Saliva Sampling and Assays. In order to collect saliva, participants were instructed to drool approximately 2 mL of saliva into plastic centrifuge tubes, which was immediately frozen in a -20 °C freezer and then transported to a -80 °C freezer for long-term storage. Consistent with standard published procedures (3), saliva samples were later thawed and centrifuged at 3500 rpm for 10 minutes at room temperature. The remaining fluid was then aliquoted into 250 µL samples and frozen again before being thawed and analyzed for cortisol and testosterone in duplicate using enzyme immunoassay kits (Salimetrics, LLC; State College, PA). The average intra-assay coefficients of variation (CVs) were 5.59% (cortisol) and 6.00% (testosterone); the inter-assay CVs were 8.22% (cortisol) and 8.10% (testosterone) averaged across low and high control samples.
Behavioral Ratings. Three trained research assistants (2 female), who were naïve to each participant's experimental condition and the purpose of the study, watched the first 2.5 minutes of each participant's speech. They then rated how much they agreed that twenty-nine variables were present in the video, on a scale from 1 -extremely disagree, to 8 -extremely agree. These variables were inspired by previous theory and research on behavioral responses to status and stress (4) (5) (6) (7) (8) (9) and represented behavioral components of each participant's competence (e.g., intelligent, competent, etc.), dominance (e.g., confident, dominant, etc.), and warmth (e.g., warm, friendly, etc.) -three theorized behavioral routes to status attainment (8, 10) . The research assistants answered two additional questions regarding the participant's overall interview performance on separate scales: "How good was this interview?" (1 -extremely bad to 8 -extremely good) and "If you were in charge of hiring, how likely would you be to hire this individual?" (1 -extremely unlikely, to 8 -extremely likely). In order to reduce the potential for gender stereotypes to influence ratings, all male participants' videos were watched and rated in random order before female participants' videos were watched and rated in random order.
The research assistants' responses (average inter-rater reliability across all variables: α = .665) were submitted to a factor analysis. A three-factor solution with varimax rotation was investigated and found to account for 66.4% of variance (see Table S9 ).
Statistical Analyses
Data Transformation. Two-tailed Kolmorogov-Smirnov tests of normality revealed non-normal distributions for cortisol and testosterone concentrations at multiple time points (ps < .03). We corrected this non-normality by natural-log-transforming cortisol and testosterone concentrations and used these transformed scores in analyses that examined the effects of the experimental manipulations on changes in endocrine concentrations over time. The scale that cortisol is measured on (e.g., Baseline concentration, M = .244 µg/dL, SE = .020, range = [.07, Mauchly's test of sphericity revealed violations of sphericity, so Huynh-Feldt corrections were applied. For follow-up analyses of acute reactivity, each hormone's change from baseline to immediately after the stressor (TSST+0) was calculated. Similarly for recovery, endocrine change from baseline to forty minutes after the stressor was calculated. This index of recovery measures the extent to which individuals were exposed to a given hormone during a period in which hormones should decline following initial reactivity to the stressor (11) . Larger, positive values indicate a hormone did not return to baseline during the forty minutes of recovery; a zero or negative value indicates a hormone did return to baseline (or sub-baseline levels consistent with circadian decline in hormone concentrations). These values were regressed on status, hierarchical stability, and their interaction (in addition to participant sex for testosterone analyses) in separate univariate GLMs.
Behavioral Analyses. We conducted separate GLM analyses on interview performance, dominance, and warmth with status, stability, and their interaction as between subject variables with participant sex as a covariate.
Moderated Mediation Analyses.
Using the PROCESS Model 8 template in SPSS (v. 22, IBM Corp.), our primary moderated mediation models were produced with interview performance as the outcome variable; social status as the independent variable; feeling in control, testosterone reactivity, or cortisol reactivity as the mediator; sex as a covariate; and hierarchy stability as a moderator. We also produced similar moderated mediation models with dominance or warmth as outcome variables. Bootstrap analyses were used to calculate bias-corrected 95% confidence intervals for the indirect effects of each putative mediator (n = 1000 subsamples). Indices of reactivity were based on standardized residuals that were produced from regressing TSST+0 concentrations on baseline concentrations. Residuals for recovery were calculated from regressing TSST+40 endocrine concentrations on baseline endocrine concentrations. For testosterone, these residual values were normally distributed when produced from raw testosterone concentrations. Raw cortisol concentrations resulted in skewed residuals, and so logtransformed cortisol concentrations were submitted to residual calculation and used in the moderated mediation models. These metrics of endocrine reactivity and recovery were employed in the correlational analyses (Table S11 ) and in the moderated mediation analyses.
Supplementary Analyses
In the sections below, we report supplemental analyses for (a) endocrine reactivity and recovery; (b) the moderating effects of sex; (c) robustness checks for the main analyses; (d) behaviors during the stressor; (e) moderated mediation analyses; and (f) positive and negative affect.
Supplementary Endocrine Analyses
Alternative Methods for Measuring Acute Endocrine Reactivity. The main text reports analyses for hormone reactivity to the stressor as change scores from Baseline to TSST + 0. We confirmed that the Status x Stability effects on endocrine reactivity extend to the following alternative methods for modeling acute reactivity: percent change scores; unstandardized residuals calculated by regressing endocrine concentrations at TSST+0 on the baseline concentrations; and area-under-the-curve with respect to increase (AUCi; 12). AUCi was calculated as:
Distinguishing it from the other three indices of reactivity, AUCi takes into account all four samples and thus represents change in endocrine concentrations across the reactivity and recovery period. Tables S3 and S4 (and Figures S1 and S2) show results for cortisol and testosterone, respectively, across these different analyses. Table S3 . Cortisol reactivity modeled in several ways. Raw change was reported in the main text but is reported here as well for comparison purposes. Each column represents a separate GLM with effects coded variables (Status: High = 1, Low = -1; Stability: Stable = 1, Unstable = -1). Endocrine Recovery Slope. The main text reports hormone recovery as change scores from Baseline to TSST +40. We also examined the effect of status and hierarchy instability on recovery slope. To calculate recovery slope, we used the lme4 package in R (13) to extract Empirical Bayes estimates of the linear slope that connects the three post-stressor samples (TSST+0, TSST+20, TSST+40) for each participant. This recovery slope represents a bias-corrected measurement of the rate at which participants' hormone concentrations changed over the three post-stressor samples and is appropriate for between-person comparisons of endocrine recovery (14, 15) . Within this measure, more negative numbers represent a quicker reduction (steeper slope) following activation, and less negative numbers represent a more prolonged recovery period (flatter slope).
A GLM found a significant Status x Stability interaction on the recovery slope for cortisol (F(1,106) = 4.38, p = 0.039, η 2 = 0.040; Figure S3 ) but not testosterone (F(1,105) = 0.564, p = 0.454, η 2 = 0.005). The pattern of the interaction for cortisol indicates that high status individuals in a stable hierarchy exhibited steeper slopes, indicative of a quicker recovery following activation of the HPA axis. But in the unstable hierarchy, high status individuals had flatter slopes, indicative of extended activation of the HPA axis. The opposite pattern was observed for low status individuals in stable versus unstable hierarchies, although none of the pairwise comparisons were significant.
Moderating Effect of Participant Sex
We explored sex as a moderator of the effects of status and hierarchy stability on all dependent variables reported in the main document (Table S5) . Consistent with previous research (16), a Time x Sex effect was found for cortisol wherein men showed stronger reactivity to the stressor compared to women (F (1.91, 194 .57) = 6.28, p = 0.003, η 2 = 0.058). However, the Time x Sex x Status x Stability interactions were non-significant for cortisol and testosterone (pvalues > 0.16, η 2 < 0.17), suggesting that endocrine responses to social status and hierarchical instability did not depend on participant sex.
There was a Sex x Status x Stability interaction on dominance behavior (see Table S5 ). The pattern of the interaction revealed that the Status x Stability interaction on dominance was stronger in men than in women. There were non-significant interactions between status, stability, and sex for all other dependent variables reported in the main text. Collectively, these analyses revealed that the status x stability interactions on our primary dependent variables generally showed similar effects in men and women. 
Additional robustness checks
We conducted two additional robustness checks:
1) We tested the extent to which the endocrine results remained robust when controlling for covariates relevant to endocrine function (participant sex, time since awakening, and hours of sleep prior to the experimental session; Table S6 ) and socioeconomic status (subjective social status via the "ladder" survey (17); mother's and father's education; and family income; Table  S7 ). These analyses revealed statistically significant status x hierarchy stability interactions across all models.
2) We examined models with bias-corrected bootstrap estimates of the status x stability interaction term for the six main GLMs (endocrine reactivity, sense of control, and the three behavioral factors) using the "boot" library in R (18, 19) . The models were replicated 1000 times and the bias-corrected and accelerated (BCa) bootstrap estimates of the 95% confidence intervals were extracted. Effects were considered robust if the 95% confidence intervals for the status x stability interaction term did not contain zero. For each model, the social status x hierarchy stability interaction term was robust to bootstrap bias correction (Table S8) . Table S7 . Cortisol and testosterone reactivity, controlling for relevant socioeconomic status variables. A. Log-transformed cortisol change (TSST+0 -baseline) regressed on the listed variables. B. Log-transformed testosterone change (TSST+0 -baseline) regressed on the listed variables. All categorical variables are effects coded (Status: High = 1, Low = -1; Stability: Stable = 1, Unstable = -1; Sex: Male = 1, Female = -1). Table S9 reports factor loadings and inter-rater reliabilities. Bold numbers indicate that the item loaded on a single factor at > 0.5 and therefore was included in that factor 1 . The inter-rater reliabilities for individual items are generally in line with other research on status-relevant behaviors (e.g., 8). We also examined the inter-rater reliabilities for each behavioral factor (bottom row, Table S9 ). This metric of inter-reliability is appropriate because our statistical analyses employed these aggregated factors (20, 21) . Each rater's scores were averaged into interview performance, dominance, and warmth behavioral factors prior to calculating Cronbach's α for inter-rater reliability. Doing so revealed higher inter-rater reliabilities (Interview Performance: α = 0.835; Dominance: α = 0.834; Warmth: α =0.769), suggesting that the raters generally agreed on the aggregate measures of behavior.
Supplementary Behavioral Analyses
Despite achieving high inter-reliability at the behavioral factor level, the inter-rater reliabilities for some of the individual items indicated low to moderate agreement among raters. Thus, we tested whether the status x stability interaction on behaviors during the stressor would show the same general pattern after excluding items with inter-rater reliabilities of Cronbach's α < .60. This cutoff removed six items -five items from the dominance factor (nervous, stressed, awkward, strong posture, and dominant appearance), one from the warmth factor (humorous), and none from the interview performance factor. This subset of items raised the average interrater reliability to α = 0.714. We then used GLMs to regress the new behavioral factors on social status, hierarchy instability, and their interaction (controlling for participant sex). As shown in Table S10 , the interaction between status and stability remained statistically significant for dominance and was marginally significant for warmth, though the effect was in the same direction and magnitude as the original analysis. Overall, these new analyses reveal the same pattern of results as the main analyses. 1 Observers also rated participants on six additional items that did not satisfactorily on any one of the factors and were excluded from statistical analyses. These items were: Fidgets with hands, bodily motion, etc.; fidgets with items like a pencil, study equipment, etc.; likeable; maintains eye contact; talks fast; and stumbles over words. Table S9 . Factor loadings and inter-rater reliabilities for behavioral items, as assessed by independent observers' ratings of the videotaped social-evaluative stressor.
Supplemental Moderated Mediation Analyses
We report moderated mediation analyses for interview performance in the main document; here we report the partial correlations among the main variables controlling for sex (Table S11) , the conditional indirect effects for those analyses (Table S12) , as well as moderated mediation results for dominance and warmth. The Status x Stability interaction on dominance was mediated by feeling in control (ω = 0.098, 95%CI [0.028, 0.205]) but not testosterone or cortisol reactivity (95% CI's overlapped with zero). These results extend prior research (2) by showing that hierarchical instability disrupts the effect of high status on dominance behaviors via reduced feelings of control. The Status x Stability interaction on warmth was not significantly mediated by feeling in control, testosterone reactivity, or cortisol reactivity (95% CIs overlapped with zero). Testosterone and cortisol recovery were not found to mediate any of the behaviors (95% CIs overlapped with zero). These non-significant mediations suggest that other psychological and biological factors that were not measured in the present experiment may explain the effects of the hierarchy on warmth (e.g., progesterone changes, which have been linked to affiliation motivation, 22) . Additional studies will be required to identify the mechanisms through which the social hierarchy influences warmth behavioral responses to stress.
Our primary correlational and mediation analyses revealed that greater sense of control was positively related to interview performance, whereas testosterone reactivity was negatively Table S10 . Comparison of GLMs for behavior factors with and without items that had lower inter-rater reliability. Interview performance is not displayed because it did not contain items with lower inter-rater reliability. Status, stability, and sex are effects coded (Status: High = 1, Low = -1; Stability: Stable = 1, Unstable = -1; Sex: Male = 1, Female = -1).
related to interview performance. Additional analyses revealed non-significant sex x testosterone reactivity and sex x feeling in control interactions on interview performance (ps> .10, η 2 s < .026). These results suggest that the pathways between these mediators and interview performance did not statistically differ between male and female participants. Table S11 . Partial correlations (controlling for sex) between the primary dependent measures. Reactivity and recovery are calculated by regressing endocrine concentrations at TSST+0 or TSST+40 (respectively) on baseline endocrine concentrations. Missing data is deleted listwise, as is the case in the moderated mediation models. **p < 0.001; *p < 0.05; † p < 0.10
Supplemental Analyses for Self-Reported Affect Participants responded to thirteen items related to their momentary positive and negative affect on a 1 to 5 scale, from "Not at all" to "Extremely." These questions were administered after having status and stability assigned and immediately after the stressor. Positive affect: Interested, excited, happy, strong, enthusiastic, proud, and self-confident (Cronbach's α =0.89). Negative affect: Distressed, upset, sad, irritable, ashamed, and nervous (Cronbach's α =0.82). The aggregated positive and negative affect scores were submitted to separate 2 (Time) x 2 (High vs. Low Status) x 2 (Stable vs. Unstable Hierarchy) mixed GLM analyses. There was a marginally significant Status x Stability x Time interaction on positive affect (F(1,104) = 3.50, p = 0.064, η 2 = 0.033) but not negative affect (F(1,104) = 0.958, p = 0.330, η 2 = 0.01). As shown in Figure S4 , the pattern of the interaction aligns with the hierarchy instability hypothesis. The stronger effects for feeling in control reported in the main text compared to the results reported here are consistent with social hierarchy theories, which posit that social rank influences behavior through perceived controllability as opposed to global positive or negative affect (2 ------ Table S12 . The conditional indirect effects (ω) for each significant moderated mediation with bias-corrected bootstrapped 95% confidence intervals. Status and hierarchy stability are effects coded (Status: High = 1, Low = -1; Stability: Stable = 1, Unstable = -1); all analyses include participant sex as a covariate (Males = 1; Females = -1). The top section of the table shows conditional indirect effects with hierarchy stability as the moderator of the influence of status on interview performance and dominance. The bottom section of the table shows the conditional indirect effects with status as the moderator of the influence of hierarchy stability on interview performance and dominance. We include both sets of conditional effects to inform follow-up research.
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